Accurate and spatially distributed rainfall data are crucial for a realistic simulation of the hydrological processes in a watershed. However, limited availability of observed hydro-meteorological data often challenges the rainfall-runoff modelling efforts. The main goal of this study is to evaluate the Climate Forecast System Reanalysis (CFSR) and Water and Global Change (WATCH) rainfall by comparing them with gauge observations for different rainfall regimes in the Mara Basin (Kenya/Tanzania).
INTRODUCTION
Rainfall is one of the most important forcing inputs for hydrologic models (Obled et al. ) and hence reliable quality data are required for good results (Boughton ).
However, for catchments located in developing countries, the weather records are often scarce, incomplete and of questionable quality (Schuol & Abbaspour ; Li et al. ; Fuka et al. ) . One alternative data source for poorly gauged and/or ungauged basins is gridded global rainfall data. The advancement in global data assimilation systems, and hence the availability of global reanalysis data, could partly alleviate the forcing rainfall data requirement for watershed models. Reanalysis involves the assimilation of historical observations (over extended period) including in-situ and remote sensing measurements using a single consistent assimilation scheme throughout Several studies have applied weather data from global reanalysis products to drive hydrological models at water- 
MATERIALS AND METHODS
The study site
The Mara River Basin, a transboundary river basin shared The mean annual temperature is approximately 25.5 C and, in general, the temperature increases southwards.
Data availability
Observed gauge rainfall data (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) for several stations (shown in Figure 1 ) were acquired from the Kenyan and Tanzanian Meteorological Agency. The rainfall time series has, on average, 15% gaps and thus the gaps were filled using available same day measurements from a nearby gauge. The lack of complete data will affect the calibration results; however, the quality is sufficient for evaluation purposes. A total of ten gauge stations were used in the study. , 1980-1982 and 1988-1990, were used.
The development of the SWAT model and calibration scheme
The Mara River Basin was delineated using a high resolution
The basin was subdivided into 57 sub-basins to 
Evaluation approach

Direct evaluation
The WATCH and CFSR rainfall are compared with gauge observations representing mono-modal and bi-modal rainfall regimes (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) . This means rainfall estimates from WATCH and CFSR -with 50 km and 38 km grids size, respectively -are compared with the closest point gauge observations. It is acknowledged here that the spatial mismatch and therefore the rainfall datasets are compared at basin level to reduce the spatial representative effect. In SWAT, each sub-basin is assigned one gauge/grid depending on proximity to the centroid of the sub-basin. Thus, the basin areal rainfall is area weighted aggregate of subbasins' rainfall.
To quantify and illustrate the degree of agreement, we use the Taylor diagram (Taylor ), which provides a way of graphically summarizing how closely a pattern (or a set of patterns) matches observations using their correlation, their centred root-mean-square difference and their standard deviations.
Indirect evaluation
The reliability of WATCH and CFSR rainfall for forcing hydrological models can be evaluated indirectly using 
RESULTS AND DISCUSSION
The assessment of CFSR and WATCH rainfall rainfall has an average bias of À14.9% and the bias WATCH rainfall is about À10.5% for mono-modal rainfall regimes. The CFSR rainfall exhibits substantial bias (about 52%) compared to gauge rainfall for bi-modal rainfall regime, while we note minimal bias (À2.8%) for WATCH rainfall. At basin scale, the daily CFSR and WATCH rainfall have low biases (i.e., less than 1.1%). Performance of the SWAT model driven by CFSR, WATCH and gauge rainfall Table 1 p-and r-factors quantify the percentage of observed streamflow bracketed in the 95% prediction uncertainly (95PPU) along with the average band width, respectively
Figure 5 | The illustration of the 95% prediction uncertainty (95PPU) along with the measured streamflow at Mara Mines for the calibration period (1980) (1981) (1982) . Note that the y-axis is in log scale. 
Evaluation of simulated streamflow consistency
To have a further insight into the prediction ability of the global rainfall data for long-term analysis, we reran the calibrated SWAT model for the period 1980-1990. Figure 7 presents the FDCs derived from SWAT simulated daily streamflow using gauge, CFSR and WATCH rainfall. Overall, the simulated streamflow reveals a similar flow regime pattern, whereby the flashiness of the Mara Basin is captured well. The daily simulated streamflow using gauge, CFSR and WATCH as input that is exceeded and/or equalled 50% of the time is about 0.14, 0.18 and 0.14 mm d À1 , respectively.
Also, as shown in Table 1 , the mean and standard deviation of the simulated daily streamflow using the different rainfall data are comparable with those of the observed streamflow during the calibration and validation periods. This indicates that reanalysis rainfall data can be used for understanding the streamflow regime using aggregated indices.
The simulated monthly streamflow (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) based on the different rainfall data is compared in Figure 8 . It is apparent that for a monthly temporal resolution, the CFSR and WATCH rainfall data lead to flows that are comparable to those simulated with the gauge rainfall, albeit that the WATCH-based streamflows show an overestimation from Figure 6 | The illustration of the 95% prediction uncertainty (95PPU) along with the measured streamflow at Mara Mines for the validation period (1988) (1989) (1990) . Note that the y-axis is in log scale. 
The water budget analysis
A synthesis of the water budget components is crucial for having an overview on how the input rainfall is partitioned in a river basin. Figure 10 shows the average of the major water budget components in the study area, as simulated by the calibrated SWAT models using gauge, CFSR and WATCH forcing. The mean annual input rainfall to the SWAT models varies from 1,084 mm yr À1 (CFSR) to 1,106 mm yr À1 (WATCH). Depending on the input rainfall, the simulated actual evapotranspiration (ET) and total water yield (WYLD) differs over the study area. The SWAT simulated mean annual ET ranges between 83%
(WATCH) and 89% (gauge) of the input rainfall, whereas the total water yield (WYLD) ranges between 13% (gauge)
to 17% (WATCH) of the input rainfall. These results are in agreement with the modelling results of Dessu & Melesse () for the study area.
The effect of input rainfall on the parameter sensitivity
The sensitivity rank of each SWAT model parameter is analysed using SUFI-2 global sensitivity analysis algorithm to highlight the effect of input rainfall on the sensitivity of the model parameters. Table 2 presents the most sensitive SWAT parameters (not all the parameters used in the calibration) using gauge, CFSR and WATCH rainfall as an input. The SCS curve number (CN2), that primarily controls the surface runoff generation, and the soil evaporation compensation factor (ESCO) are the most sensitive parameters, irrespective of the input rainfall. However, the sensitivity rank of the remaining SWAT parameters varies depending on the driving rainfall data. This indicates the importance of input rainfall selection from varying data sources while parameterizing watershed processes. However, we note (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) . Note that the y-axis is in log scale. 
CONCLUSIONS
In this study two globally available rainfall data -the CFSR and the WATCH data -are evaluated by direct comparisons with gauge observations and with regard to their capability for simulating streamflow in the Mara Basin.
For the comparison with the rainfall gauge data, we distinguished stations with a mono-modal and stations with a bi-modal rainfall regime. The daily CFSR and WATCH rainfall data show poor performances at grid and basin spatial scales when compared with gauge observations, regardless of the rainfall regime pattern. However, their performance improved substantially at a monthly temporal resolution, whereby we noted a correlation of up to 0.76 (CFSR) and up to 0.95 (WATCH). Despite its coarser areal resolution, the WATCH rainfall generally outperforms the CFSR rainfall.
The SWAT models for the River Mara were built and calibrated using daily CFSR, WATCH and gauge rainfall data. The 95% prediction uncertainty (95PPU) of the streamflows simulated using the CFSR and WATCH rainfall bracketed more than 60% of the observed daily streamflow.
However, considering the high uncertainty range on the streamflows -particularly for the high flows -their utility for daily streamflow hydrograph simulation is strongly limited, and that is consistent with the poor performance of daily WATCH and CFSR rainfall. On the other hand, it has been shown that CFSR and WATCH rainfall could be a useful surrogate for observations in order to investigate the aggregated streamflow behaviour, e.g., using FDCs or (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) using gauge, CFSR and WATCH rainfall are comparable. to simulate the monthly streamflow which provides crucial information for water resources management and planning.
The SWAT simulated mean annual ET ranges between 83% (WATCH) and 89% (gauge) of the input rainfall, whereas the total water yield (WYLD) ranges 13% (gauge) to 17%
(WATCH) of the input rainfall. Despite the slight differences in absolute magnitudes, the partitioning of the rainfall by the different SWAT models is comparable, showing that CFSR and WATCH rainfall-driven models can be used for the analysis of the annual water balance in the study area.
We recommend future studies to bias-correct the WATCH and CFSR rainfall using gauge observations to improve the daily rainfall variability and hence improve daily streamflow simulation skills.
